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Abstract 
The constantly rising energy demand and the depletion of fossil fuel resources currently represent the main concerns for global 
energy sustainability, alongside environmental issues. Low-grade energy sources have moved into the limelight and Organic 
Rankine Cycle (ORC) technology is well known for its suitability to recover waste heat. 
The optimization of the expansion process of an ORC system is crucial in order to maximize the power output, to increase the 
overall efficiency, and to obtain an economically feasible machine. Scroll, reciprocating, single screw, twin-screw and vane-type 
expanders are the main technologies. Screw expanders are particularly suited for low-grade heat recovery. The advantages of single 
screw technology over twin-screw include the balanced loading of the main screw, long working life, high volumetric efficiency, 
low leakage, low noise, low vibration, and a simplified configuration. 
In this paper, a detailed geometry-based model of a single screw expander is presented. The model is based on a rotation-
dependent function that completely describes the geometry of the screw rotor and the engaging surfaces of the star wheels. A 
computation of the swept volume at each angular step and of the inlet conditions leads to a solution of the system of differential 
equations governing the thermodynamics of the expansion process. The model considers heat losses, oil-flooded mixing and 
leakage paths and permits the investigation of the impact of design modifications on the expander performance. 
Furthermore, the validation of the proposed model against the available literature is presented. 
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1. Introduction 
The single screw compressor technology represents an improvement over twin-screw because of balanced loading 
of the main screw, long working life, high volumetric efficiency, low leakage, low noise, low vibration and a 
simplified configuration. The single screw compressor is a well-established technology especially in the refrigeration 
industry. On this basis the technology was successfully applied as expander, particularly in ORC systems in medium 
to low power ranges. 
In this paper, the development and validation of an oil-flooded single screw expander (SSE) model is reported, 
based on geometric parameters coupled with a system of differential equations describing the thermodynamics. The 
proposed validation is made against available numerical and experimental data. 
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Nomenclature 
c specific heat, kJ kg-1 K-1      
h  specific enthalpy, kJ kg-1 
m mass, kg 
Q heat, kJ  
V volume, m3 
ρ density, kg m-3 
ω angular speed, s-1, dθ/dt 
2. Simulation model 
In the modelling of the SSE expansion process, four main parts can be distinguished: (i) geometric parameters of 
the meshing pair, (ii) thermodynamic properties, (iii) heat transfer, leakages, pressure drops and oil injection, (iv) mass 
and energy conservation. The analytical description of the tooth area engaging into the main screw groove and the 
evolution of the volume inside the expander are required to calculate the swept volume and its derivative with respect 
the crank angle θ. The presence of oil for lubrication and sealing purposes affects the heat transfer mechanism during 
the expansion process and requires a two-phase flow model. Finally, an adequate solver to ensure the stability and 
accuracy of the solutions of the resulting differential equations, as well as acceptable computational time, has to be 
implemented. The main assumptions of the model are: 
x Steady-state behavior.  
x Rotation-dependent physical and thermodynamic properties. 
x Oil is injected as non-deformable, non-interacting spherical droplets and the droplets temperature is uniform. 
x Heat transfer is calculated both during droplets’ fly-time when they present the main effective heat transfer surface 
area and when the droplets agglomerate on wall boundaries, creating an oil-film. 
x Effects of the oil droplets on the gas flow field is negligible. 
In literature, several single screw models have been investigated, but the work is limited to compressors, e.g. [1-2]. 
 
2.1. Geometric model 
The SSE geometry is described in a cylindrical coordinate set (r,z,θ), as shown in Fig. 1. By introducing a local system 
of coordinates (x,y), the tooth infinitesimal engaging area A(y) inside the screw groove can be defined as a function of 
the screw and star-wheel diameters and the distance between their rotational axes. In an additional assumption the 
clearances between tooth edges and groove flanks are neglected, meaning that the tooth and groove have the same 
width and the depth of the groove equals the tooth length. However, design considerations have been taken into 
account, such as the minimum tip width Δ of the screw rotor flank, which is related to the flank stress resistance and 
the sealing.  
 
Fig. 1 – Geometric representation of a single screw expander. 
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The geometric swept volume is given by [2]: 
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To obtain the motion of the engaging tooth over the meshing angle, α ≈ π/2, each corner of the engaging area is 
described by cylindrical coordinates (ri,zi)i=1,..,4 . By means of a rotation matrix, the position of the tooth with respect to 
the main rotor is determined. Three representative positions of the engaging tooth are depicted in Fig. 1. 
Consequently, the swept volume can be expressed by introducing a polygonal approach, 
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 where the index j represents the j-th discretized position of the tooth during the rotation and Δθ is the angular 
increment.The polygonal approach allows to verify the numerical solution of the integral form and to determine the 
contact line between engaging tooth and corresponding groove. An example of the resulting CAD generated profiles is 
reproduced in Fig. 1. Finally, since the swept volume is calculated numerically, a 5th order polynomial function is used 
to interpolate the discrete points obtaining a continuous function; 
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2.2. Thermodynamic properties 
Compressed air is considered for validation, because of the absence of literature data of other working fluids for 
SSE. Thermodynamic and transport properties are retrieved by integrating CoolProp routines into Matlab®. Instead, 
the oil properties are described in polynomial terms as a function of temperature. 
2.3. Heat transfer 
The heat transfer during the expansion process is related to the presence of the oil. The oil injection and ensuing 
formation of oil droplets enhance the heat transfer between vapor and oil droplets during their fly-time. Depending on 
the size and splashing parameter [3] (function of Reynolds and Weber numbers), the droplets create a thin oil film on 
the wall surfaces. Hence, the total heat transfer is given by two terms, i.e. heat transfer between gas and oil droplets 
and between oil film and gas. The first is the main contribution, because droplet formation results in a large heat 
transfer area. The second is related to internal fluid dynamic phenomena, which are more difficult to be quantified. An 
approach similar to Hsieh et al. [5] has been adopted. 
 
2.4. Conservation laws equations 
By considering each groove as a control volume (cv), the expansion process is described using mass and energy 
conservation equations applied to vapor and liquid phases: 
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3. Results and discussion 
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The geometry-based model allows the investigation of the influence of different design parameters.  In Fig. 2(a), 
the ratio between the swept volume at each angular step V(θ) and the maximum groove volume Vo is plotted. Due to 
the absence of modeling studies regarding SSE, the comparison has been made with the results obtained by Hirai et al. 
[1] for a single screw compressor [inset Fig. 2(a)]. The agreement throughout the engaging angle is apparent. 
Furthermore, the SSE model has been validated against experimental data. He et al. [5] investigated the performance 
of an air-powered SSE with a 175 mm diameter rotor and intake pressure ranging from 5.5 bar to 15 bar. By 
introducing the diameter of screw and gate rotor, the simulation model allows the estimation of the performance. In 
Fig. 2(b), results of the model for the mass flow rate at different intake pressure values and rotational speeds are 
compared with experiment. Generally, the model underestimates the mass flow rate, with a maximum deviation found 
in the case of 2000 rpm, where the experimental data exhibits more fluctuations. Finally, in Fig. 1(c), a representative 
case of the pressure variation with the crank angle is reproduced. According to the experimental points obtained by He 
et al. [5], the inlet pressure is set at 10 bar, the discharge pressure at 2.2 bar and the rotational speed is 2800 rpm. 
 
 
Fig. 2. (a) Swept volume ratio as a function of the main rotor rotation angle. Main figure: results from theory, inlet: literature data [1]. (b) 
Calculated and experimental values of the air mass flow rate at different intake pressure and rotational speed [4]. (c) Pressure variation during the 
expansion. 
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